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INTRODUCTION
The purpose of this report is to describe the current water-quality conditions within the Yocum Creek Basin using physical, nutrient, bacteriological, common constituent, selected metal data, and volatile organic compound data collected at various surface-and ground-water sites in the basin, and to identify gaining and losing streamflow reaches of Yocum Creek and its tributaries. This report was prepared by the U.S. Geological Survey (USGS) in cooperation with the Arkansas Soil and Water Conservation Commission.
The authors wish to thank the following land owners Mryl Bradley, Quintan Tipton, Terry Benson, Kreglyn Garrett, Kirby Garrett, and Stephen Strafford for granting permission and assistance in sampling of their wells and springs. Additional thanks is extended to Leon Duncan of the Carroll County Cooperative Extension Service.
DESCRIPTION OF STUDY AREA
Yocum Creek, in northwestern Arkansas, drains an area of 72.8 mi2 (Sullavan, 1974) , and flows northward through Carroll County ( fig. 1 ) in the Springfield Plateau physiographic section (Fenneman, 1938) . The Springfield Plateau topography is characterized by gentle to moderate slopes, ranging from 12 to 50 percent. A large part of this section is dissected by streams that form V-shaped valleys. The study area ( fig. 2 ) has a dendritic drainage pattern with land-surface elevations ranging from approximately 915 ft above sea level near Table Rock Lake to 1,850 ft above sea level in the southern portion of the study area. Yocum Creek has a mean gradient of 18 ft/mi and a mean channel width of 72 ft.
Agricultural development over the last 10 years has resulted in numerous changes in land use, which may affect ground-and surface-water quality. The economic base of Carroll County has undergone changes as well; farming has become more diversified with increased chicken broiler and turkey production over the past decade (Fowlkes and others, 1981) . Located in the Yocum Creek Basin are 77 chicken broiler houses and 49 turkey houses, which annually produce an estimated 5 million broilers and 1.75 million turkeys, respectively. Approximately 1.25 million laying hens, 17,000 beef cattle, and 900 dairy cattle are in the Yocum Creek Basin (Leon Duncan, Carroll County Cooperative Extension Service, oral commun., 1994).
Mean annual air temperature in the Yocum Creek Basin is 59 °F, with an average of 52.7 in. of precipitation annually (U.S. Department of Commerce, National Oceanic and Atmospheric Administration, 1992). The normal mean air temperature for the months of May through August (1961-90) is 71 °F, however, in 1993, during this 4-month period the mean air temperature was 74 °F. The normal precipitation during the months of May through August is 17.5 in., however, 18.9 in. of precipitation were recorded during this period in 1993 (Charles McDonald, National Weather Service, written and oral commun., 1993).
The surficial geology in the headwaters of Yocum Creek consists of Batesville Sandstone of Mississippian age. The Batesville is a coarse-to medium-grained, buff-colored, calcareous sandstone (Croneis, 1930) . The average thickness of Batesville Sandstone is approximately 25 ft in the study area. The Batesville Sandstone is composed of sandstone, shale, limestone, and minor amounts of coal, which can be locally fractured with bedding planes that usually yield 2 to 5 gal/min to wells, except for larger sandstone formations, which may yield 25 gal/min (Lamonds, 1972) .
The largest part of the basin lies on the Boone Formation of Mississippian age. The Boone Formation is normally 300 to 350 ft thick in northern Arkansas and is comprised of limestone, chert, and minor beds of shale and sandstone (Frezon and Glick, 1959) . Residual cherty rubble yields 2 to 5 gal/min to wells, however, many large springs and wells tap large solution channels, which may yield more than 25 gal/min to wells. The movement of ground water along fractures and bedding planes in this formation produces an abundant number of caves, solution channels, and sinkholes.
The lower part of Yocum Creek, near Table Rock Lake, lies on the Cotter Dolomite of Ordovician age. The Cotter Dolomite consists of a massive, medium-grained, gray dolomitic rock to a fine-grained earthy, white to buff dolomitic rock (Croneis, 1930) . The formation consists largely of dolostone, chert, limestone, and smaller amounts of sandstone and shale. The Cotter Dolomite has been reported to be as thick as 500 ft in Boone County directly east of the study area (Caplan, 1960) . Fractures in dolomite and dolomitic limestone usually yield 5 to 10 gal/min to wells. Deeply incised valleys exposed in the Cotter Dolomite commonly produce large springs or seeps. 
YOCUM CREEK BASIN
DATA COLLECTION METHODOLOGY
Ground-and surface-water samples were collected and stream discharge measurements were made within the Yocum Creek Basin between July 27 and August 3,1993. The sampling site locations were chosen to provide the best understanding of the current water-quality and streamflow conditions. Water samples were collected by hand dipping sample collection bottles into the centroid of flow in the stream and tributaries to the mainstem. Collection, storage, and preservation of samples followed methods outlined by Ward and Harr (1990) . Analyses for fecal coliform and fecal streptococcal bacteria were performed following methods described by Britton and Greeson (1987) . Discharge was measured at numerous locations on the mainstem of the stream and at tributary inflow points during low-flow conditions (no storm runoff). Discharge measurements were made with a current meter following methods described by Buchanan and Sommers (1984) . Comparisons of successive downstream discharge measurements were used to determine if the stream reaches were gaining or losing. Dissolved oxygen concentrations and temperature data were collected for a 24-hour period on an hourly basis at two sites (YM-3 and YM-8) on the mainstem. Water samples from springs were collected by hand dipping sample collection bottles into the orifice of the spring. Water samples from wells were collected from outside faucets prior to any treatment systems.
SURFACE-WATER QUALITY
Water-quality data were collected at 12 surface-water sites on Yocum Creek and 2 tributaries (table 1) during the study. Specific conductance ranged from 285 to 463 microsiemens per centimeter at 25 degrees Celsius (|iS/cm) (table 2). Specific conductance values generally were higher in the headwaters of the basin. Dissolved ammonia concentrations for surface-water sites ranged from 0.01 to 0.03 milligrams per liter (mg/L) as nitrogen. Dissolved nitrite and dissolved ammonia plus organic nitrogen values were just above detection limits (0.01 mg/L). Dissolved nitrite plus nitrate concentrations ranged from 1.3 to 3.8 mg/L as nitrogen. Dissolved orthophosphorus concentrations ranged from 0.01 to 0.06 mg/L as phosphorus in surface-water sites. Total phosphorous concentrations ranged from less than 0.02 to 0.07 mg/L as phosphorus in surface-water sites.
Fecal coliform bacteria counts for surface-water sites ranged from 9 to 220 colonies per 100 milliliter (cols/100 mL) with a median of 49 (cols/lOOmL). Fecal streptococci bacteria counts for surface-water sites ranged from 37 to 1,500 cols/100 mL with a median of 420 cols/100 mL. Analyses for common constituents and selected metals at one surface-water site (YM-1) indicate that most concentrations were below the detections limits (table 3) . Calcium, silica, barium, and strontium were measured in low concentrations. [Temperature reported to nearest 0.5 degrees Celsius; °C, degrees Celsius; five digit numbers in parentheses are STORE! parameter codes used for computer storage of data; mm of Hg, millimeters of mercury; frVs, cubic feet per second; jiS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; WH, whole water; FET, fixed endpoint titration; F, field; <, less than; cols/100 ml, number of colonies per 100 milliliters of sample; K, non-ideal count] 
DISSOLVED OXYGEN AND TEMPERATURE MONITORING
Hourly dissolved oxygen and temperature values were collected at two sites (YM-3 and YM-8) on the mainstem of Yocum Creek from August 2 to August 3 (figs. 3 and 4). These data were collected to determine the diel fluctuations in dissolved oxygen concentrations and temperature during changes in air temperature and sunlight intensity.
At the downstream site (YM-3), dissolved oxygen concentrations ranged from 5.7 to 9.3 mg/L with a median of 6.4 mg/L. The minimum dissolved oxygen concentration of 5.7 mg/L was recorded at 0405 hours and the maximum dissolved oxygen concentration value of 9.3 mg/L was recorded at 1605 hours. The minimum stream temperature of 21.5 °C was recorded at 0605 hours, and the maximum stream temperature of 25 °C was recorded at 1605 hours (fig. 4) . The median stream temperature at site YM-3 was 22.8 °C.
At the upstream site (YM-8), dissolved oxygen concentrations ranged from 6.2 to 9.9 mg/L with a median of 7.8 mg/L. The minimum dissolved oxygen concentration of 6.2 mg/L was recorded at 0145 hours and the maximum dissolved oxygen concentration of 9.9 mg/L was recorded at 1345 hours. The minimum stream temperature of 18.5 °C was recorded at 0545 hours and the maximum stream temperature of 23.0 °C was recorded at 1645 hours. The median stream temperature at site YM-8 was 20.0 °C.
The stream temperature at the downstream site (YM-3) was about 2 degrees warmer than the upstream site (YM-8), which is located closer to the large producing springs in the mid to upper reaches of the basin. The cooler site, YM-8, normally maintained a higher dissolved oxygen concentration than site YM-3. 
GROUND-WATER QUALITY
Water-quality data were collected from five wells in the Yocum Creek Basin (table 4) . Three of these wells are considered shallow wells (30 to 68 ft) penetrating the Springfield aquifer and two wells are considered deep (350 and 550 ft) penetrating the Ozark aquifer. Specific conductance values ranged from 361 to 549 |iS/cm (table 5). Dissolved ammonia was present in small concentrations in all five wells, and ranged from 0.01 to 0.07 mg/L as nitrogen. Dissolved nitrite plus nitrate ranged from less than 0.02 to 6.0 mg/L. The sample from well W-4 recorded a dissolved nitrite plus nitrate concentration of 6.0 mg/L as nitrogen, which is approaching the U.S. Environmental Protection Agency maximum contaminant level for drinking water of 10 mg/L as nitrogen (U.S. Environmental Protection Agency, 1994). Fecal coliform bacteria counts for wells ranged from less than 3 to 15 cols/100 mL with a median of 3 cols/100 mL. Fecal streptococci bacteria counts ranged from less than 4 to 77 cols/100 mL with a median of 17 cols/100 mL. Analyses for common constituents and selected trace metals in wells Wl and W5 indicate that drinking water standards were not exceeded. Volatile organic compound analyses (table 6) indicate that organic compounds were not present above the detection limit.
In springs discharging from the Springfield aquifer, nitrite plus nitrate concentrations ranged from 1.4 to 7.0 mg/L as nitrogen (table 7) . Dissolved ammonia plus organic nitrogen concentrations ranged from less than 0.02 to 0.49 mg/L as nitrogen. Dissolved orthophosphorus concentrations ranged from 0.01 to 0.07 mg/L as phosphorus. Fecal coliform bacteria counts ranged from 3 to 200 cols/100 mL, with a median of 18 cols/100 mL. Fecal streptococci bacteria counts ranged from 110 to more than 2,000 cols/100 mL with a median of 350 cols/100 mL. Analyses for common constituents and selected trace metals in two springs (SPR-3 and SPR-13) indicate that trace metals were present in low concentrations. Volatile organic compound samples were collected at two springs, SPR-3 and SPR-13 (table 8) . Chloroform was the only volatile organic compound found to be above the detection limit. Analyses indicated that 0.2 |ig/L of chloroform were present in SPR-13. 
STREAMFLOW GAIN AND LOSS
Numerous discharge measurements were made in the Yocum Creek Basin to determine the connection between the stream and the underlying Springfield aquifer. Three losing streamflow reaches were identified during the study of the Yocum Creek Basin (fig. 2) . The mainstem of Yocum Creek was characterized by one losing reach. A discharge of 3.7 ft3/s was measured at SPR-13 (Newhome Spring). Surface flow began to decrease approximately 75 yds from the orifice of the spring, and two-tenths of a mile from SPR-13 all surface flow was redirected to subsurface flow. The mainstem of the creekbed was dry for a distance of approximately four-tenths of a mile, where 1.1 ftVs of surface flow was measured at SPR-12.
Two losing reaches were located on tributaries feeding Yocum Creek. Trib-5, located on Stillhouse Creek, is four-tenths of a mile from the confluence of Yocum Creek. Surface flow was measured at 2.6 ftVs. Surface flow decreased steadily until the creekbed was dry for a distance of two-tenths of a mile from the confluence of Yocum Creek. The other losing tributary was located on Braswell Branch. A discharge of 0.51 ft3/s was measured at SPR-14. Surface flow disappeared one-tenth of a mile downstream from SPR-14. Surface flow did not reoccur for approximately 1.6 mi at SPR-13.
Large producing springs (SPR-13, SPR-12, and SPR-10) located in the mid to upper reaches of the basin contribute most of the flow to Yocum Creek. Streamflow increased an average of 29 percent in each of the 11 gaining reaches of the mainstem from site YM-12 to YM-1 at the mouth. The largest increase occurred between sites YM-11 and YM-10 where a 140 percent increase in surface flow was measured. These observations suggest that significant interaction exists between the underlying Springfield aquifer and surface flow in the Yocum Creek Basin.
SUMMARY
A study of the Yocum Creek Basin was undertaken between July 27 and August 3, 1993, to describe the current water-quality conditions of the surface and ground water in the basin. Physical, nutrient, bacteriological, common constituent, selected metal, and volatile organic compound data were collected at various sites in the basin. Streamflow measurements were conducted at various locations along the mainstem and at sites on major tributaries to identify gaining and losing reaches of streamflow.
Dissolved nitrite plus nitrate concentrations ranged from 1.3 to 3.8 mg/L as nitrogen in surface-water samples. A ground-water sample (W-4), contained a dissolved nitrite plus nitrate concentration of 6.0 mg/L as nitrogen, which is approaching the U.S. Environmental Protection Agency maximum contaminant level for drinking water of 10 mg/L as nitrogen (U.S. Environmental Protection Agency, 1993). Dissolved nitrite plus nitrate concentrations ranged from 1.4 to 7.0 mg/L as nitrogen in springs sampled.
Fecal coliform bacteria counts for surface-water sites ranged from 9 to 220 cols/100 mL with a median of 49 cols/100 mL. Fecal streptococci bacteria counts for surface-water sites ranged from 37 to 1,500 cols/100 mL with a median of 420 cols/100 mL. Fecal coliform bacteria counts for springs ranged from 3 to 200 cols/100 mL with a median of 18 cols/100 mL. Fecal streptococci bacteria counts for springs ranged from 110 to more than 2,000 cols/100 mL with a median of 350 cols/100 mL.
Analyses for selected metals at one mainstem site, two springs, and two well sites indicate that metals were not present in significant concentrations. Volatile organic compound samples were collected at two wells and two springs. Chloroform was the only volatile organic compound found to be above the detection limit. Analysis indicated that 0.2 jig/L of chloroform were present in SPR-13.
Diel dissolved oxygen concentrations and temperatures were measured at an upstream and downstream site on the mainstem of the stream. At the upstream site (YM-8), dissolved oxygen concentrations ranged from 6.2 to 9.9 mg/L and temperatures ranged from 18.5 to 23.0 °C. Dissolved oxygen concentrations were higher and temperature values were lower at the upstream site than those at the downstream site.
Large producing springs located in the mid to upper reaches of the basin contribute most of the flow to Yocum Creek. Streamflow increased an average of 29 percent on the mainstem of the stream. One losing reach was discovered on the mainstem of the stream and two losing reaches on tributaries to the mainstem. Surface flow steadily decreased along these reaches to the point where surface flow was not present, and the streambed became dry. These observations suggest that significant interaction exists between the underlying Springfield aquifer and surface flow in the Yocum Creek Basin.
